Ornithine decarboxylase (ODC) is involved in the biosynthesis of polyamines and hence has been found in almost all types of cells studied. Therefore it is frequently used as internal standard. We isolated a cDNA, XODC2, which is a paralogue to ubiquitous ODC and expressed in a spatial and temporal manner during the early embryogenesis of Xenopus laevis. Expression of XODC2was ®rst detected at the animal pole at stage 9. During neurula stages the signals were found both in the extreme anterior and posterior part of the dorsal body axis. In tailbud stages the expression is further shifted to both the tail and head areas and gradually restricted to distinct tissues: forebrain, inner layer of epidermis of the head area, stomodeal-hypophyseal anlage, frontal gland, ear vesicle, branchial arches, the front tip of neural tube and proctodeum. In addition, signals were also found in the inner layer of epidermis underneath the cement gland during early tailbud stages while in later tailbud stages signals were detected at the apical zone of the cement gland. Comparative studies indeed could con®rm that XODC1 in contrast to XODC2 is expressed ubiquitously throughout the whole embryos during early development of Xenopus laevis. q
Results
By screening a cDNA library constructed from ectoderm (mainly endodermal derivatives) induced by treating disaggregated animal caps with activin (Grunz and Tacke, 1989) , we could identify a cDNA of 1842 bp in length. The 1368 bp of open reading frame (ORF) could be conceptually translated into a protein of 456 amino acids (Fig. 1) . Comparisons using BLAST search program showed that this protein shares 66% identity in amino acid sequence with the ubiquitous ornithine decarboxylase (ODC) in human, 65% in Xenopus laevis and rat, and 63% in chicken (Fig. 1 ). Therefore it most likely represents a paralogue of Xenopus ubiquitous ODC (Bassez et al., 1990 . Hereafter designated as XODC1). Here we designated our cDNA as XODC2 (accession no.: AF217544).
The expression of XODC2 was ®rst detected by wholemount in situ hybridization at stage 9 at the animal pole (Fig. 2D) , and increases during gastrulation (Fig. 2E) . At neurula stages the expression shifts to neural folds but more pronounced in the two extreme cranial and caudal regions along the anterior-posterior axis (Fig. 2F) . However, starting from tailbud stage, its expression is gradually restricted to certain tissues: forebrain, inner layer of epidermis of the head area, stomodeal-hypophyseal anlage, frontal gland, ear vesicle, branchial arches, the most anterior neural tube, the inner-and outer ®n of the tail and proctodeum (Fig. 2G,H) . This prominent localized expression was also con®rmed by histological sections through the head and tail areas (Fig.  2I±K) . After stage 34 the expression was no longer detectable by in situ hybridization. Reverse transcriptase-polymerase chain reaction (RT-PCR) was also used to study the temporal expression of the gene with higher sensitivity. It could be shown that this gene is already expressed in the uncleaved egg, but at a very low level. Starting from stage 9 its expression increases gradually and reaches the highest at the end of neurula stage and the beginning of the tailbud stage, and then decreases gradually (Fig. 3) .
Since the gene encodes a protein that is highly homologous to XODC1, which has been found ubiquitously in almost every cell type studied, it is of certain interest to compare the expression of the two genes. No discernible signals of XODC2 could be seen in embryos before stage 9, while signi®cant staining is already observed in the animal pole of uncleaved eggs, cleavage and gastrula embryos ( Fig. 2L and data not shown). Starting from neurula stage, expression of XODC2 is gradually localized as described above, while in contrast, during neurula and tailbud stages, as expected the expression of XODC1 is ubiquitously observed throughout the whole embryos except cement glands in tailbud embryos (Fig. 2M,N) . Additional studies with RT-PCR demonstrated that XODC2 is different from XODC1 in its temporal expression. In the case of XODC1, the expression is nearly uniform through all stages examined, but the expression level of XODC2 varies to a certain degree during embryonic development. It is quite low in embryos before stage 9 followed by a dramatic increase up till stage 29, and then decreases gradually (Fig. 3 ). In conclusion, by whole mount in situ hybridization we could show the tissue-speci®c expression pattern of a novel cDNA paralogous to ubiquitous ODC.
Materials and methods
Construction of cDNA library: Stage 8±9 animal caps (Nieuwkoop and Faber, 1956) were disaggregated ®rst and treated for 1 h with activin A at a concentration of 8 ng/ml. Treated cells were reaggregated afterwards and incubated until the control sibling embryos reached stage 13. The resulting derivatives were con®rmed to be endoderm-like tissues as detected by the pan-endodermal marker Endodermin. PolyA 1 RNA was prepared from this tissue and a cDNA library was constructed using the cDNA Synthesis kit and the ZAP Expresse predigested Gigapack w III Gold cloning kit (Stratagene).
Isolation of XODC2 cDNA: Part of the above phage cDNA library was converted into plasmid library by in vivo excision according to manufacturer's manual (Stratagene). The plasmid cDNA library was screened using largescale whole-mount in situ hybrydization. One of the clones identi®ed was XODC2.
Whole-mount in situ hybridization: The protocol of Oschwald et al. (1991) and Harland (1991) was essentially followed. Antisense probes were digoxigenin labelled. For XODC2, plasmid was linearized with EcoRI and antisense probe was transcribed in vitro with T7 RNA polymerase; for XODC1, plasmid was linearized with BamHI and antisense probe was synthesized with T3 polymerase; Endodermin, In all the ®gures the animal pole or dorsal is up and the anterior is left. Embryo staging was according to Nieuwkoop and Faber (1956) . Abbreviations: an, anus; ba, branchial arch; cg, cement gland; ev, ear vesicle; fb, forebrain; ®n, ®n; fg, frontal gland; ie, inner layer of epidermis; nt, neural tube; pc, prosencephalon; pr, proctodeum; sha: stomodeal-hypophyseal anlage. Fig. 3 . Temporal expression of XODC2 and XODC1 revealed by RT-PCR. The expression of both genes were analyzed in unfertilized eggs up till early larval stages. While the expression level of XODC2 in different stages changes signi®cantly, with quite low level before stage 9 and dramatic increase up till stage 34, there is little variation in the expression level of XODC1. RT-, control reverse transcription without transcriptase.
